Background {#Sec1}
==========

Medical regulatory authorities continue to develop guidelines and frameworks for ensuring that doctors perform competently in response to growing legal and statutory requirements regarding licensure and accreditation in many countries \[[@CR1], [@CR2]\]. The need for assessment methods that help doctors to demonstrate continued professional competence which are as rigorous as those used for initial licensure is now accepted as a desirable objective. However, questions remain about whether these methods should be voluntary or regulatory \[[@CR3]\]. Frameworks for establishing doctor competencies in medical schools internationally are showing signs of consolidation \[[@CR4]\], with doctors themselves identifying the need for newly-trained colleagues to demonstrate professional behaviour (e.g. dependability, integrity, stress tolerance, cooperation) and professional values (e.g. achievement, leadership, initiative, social orientation) in addition to clinical competence and knowledge of technical procedures \[[@CR5]\]. In some countries, doctors are legally obliged to maintain their professional competence through various professional development schemes in accordance to national medical council requirements \[[@CR6]\]. In the UK, for example, the GMC has implemented its own 5-year revalidation scheme for all its licensed doctors using a set of 'good medical practice' guidelines \[[@CR7]\].

Recently, the Medical Board of Australia (MBA), after considering issues of revalidation \[[@CR8]\], has issued its latest version of the Professional Performance Framework (PPF) for strengthening continuing professional development (CPD) for its 100,000 or so registered medical practitioners \[[@CR9]\]. One of the core features of the MBA's PPF is the allocation of minimum CPD requirements across three types of activity: educational activity to develop knowledge and skills; activities focused on reviewing performance; and activities on measuring outcomes. Activities focused on reviewing performance may include peer review of performance, performance appraisal, peer review of medical records, peer discussion of cases, peer review of journal articles and peer review of educational activities. One other key performance review activity, which is the focus of this paper, is multisource feedback (MSF) from peers, medical colleagues, co-workers, patients and other health practitioners \[[@CR8]\].

MSF is playing an increasingly important role in continuing revalidation, re-licensure and CPD activities, with several schemes requiring their use to help doctors reflect on how they work and identify ways for self-improvement \[[@CR10]\]. Feedback from colleagues and patients has been well-established in personal development planning processes in many countries for several years, including the UK and Australia \[[@CR11], [@CR12]\].

Other areas of application include use in training, especially when merged with self-evaluation to MSF \[[@CR13]--[@CR15]\]. Such MSF was initially based on patient and colleague feedback but more recently MSF has started to incorporate doctor self-evaluation for the purposes of promoting reflection on personal performance and identifying reasons for discrepancies between received scores and self-scores \[[@CR16]--[@CR18]\]. Self-evaluation can employ the same questionnaires as used by patients and colleagues, with doctors rating themselves from these alternative perspectives. The dominant approach for obtaining patient and colleague feedback is now through questionnaires in which raters are asked to give their evaluations of a doctor on multi-point Likert-scale items \[[@CR19], [@CR20]\]. MSF can therefore be interpreted in three ways: 180° MSF (patient and colleague feedback through specially designed patient and colleague questionnaires); 270° feedback (patient and colleague feedback with self-evaluation through one of the questionnaires); and 360° feedback (patient and colleague feedback with self-evaluation through both questionnaires).

Over time, the amount and range of MSF studies have increased to the point where some general trends are starting to emerge \[[@CR21], [@CR22]\], including the interesting possibility that self-evaluation may not be correlated with patient or colleague ratings \[[@CR23]\]. The measurement relationship between scores given by patients or colleagues and self-evaluation scores is not known with any certainty. Any mismatches between external review scores and self-review scores, if they are to be acted on for CPD, must not be due to the unreliability of the instruments or methods used for collecting the data.

The aim of this study is to test the reliability and validity of two MSF questionnaires and the data derived from them, and to identify how doctors can use such data for professional development purposes, as exemplified in the MBA's recently published PPF. In particular, there is a need to understand the dimensions along which mismatches can occur so that future feedback and self-evaluation mechanisms can address and correct for those mismatches as part of the CPD process.

The patient questionnaire deals with the patient's visit to their doctor and asks patients to rate their experience using 10 performance-based questions (questions asking patients to rate specific ways that their doctor behaved towards them) and 2 summative questions (questions asking for an overall impression of their visit). The colleague questionnaire asks colleagues to rate their interactions with the doctor using 20 questions, with 19 of these questions dealing with clinical competence, management, communication and leadership. There is a final summative question relating to overall ability. All items use a five point Likert scale with labels 'poor', 'fair', 'good', 'very good', and 'excellent'. The patient and colleague items are described in concise form in Tables [1](#Tab1){ref-type="table"} and [3](#Tab3){ref-type="table"}, respectively.Table 1Overview of all 14 items on the patient questionnaire (total *n* = 98,305)Patient items*N*MeanStd. DeviationMissingCountPercentQ1 Satisfaction with visit98,10788.2414.961198.2Q2 Warmth of greeting98,06489.9414.143241.2Q3 Ability to listen97,96089.8714.271345.4Q4 Explanations97,85488.7014.850451.5Q5 Reassurance97,82987.7915.396476.5Q6 Confidence in ability97,84388.0415.184462.5Q7 Express concerns97,67388.6114.901632.6Q8 Respect shown97,93191.6113.227374.4Q9 Time for visit97,92088.8014.961385.4Q10 Consideration97,66389.2114.733642.7Q11 Concern for patient97,93289.6214.382373.4Q12 Recommendation97,77389.7014.904532.5*Averages97,879.0889.1614.66425.920.43*

The research strategy adopted here is to first establish the validity and reliability of the patient and colleague questionnaires and data through exploratory principal component analysis (PCA) and other measures. The second task is to identify convergent and divergent relationships between doctors' evaluations of themselves using the patient and colleague questionnaires and how these evaluations differ from those provided by their patients and colleagues. Analysis of variance (ANOVA), correlations and PCA are used in the second phase of analysis. Further statistical details can be found in the Statistical Analysis section below.

Methods {#Sec2}
=======

Data collection. {#Sec3}
----------------

Data collection was during the period 2013--2016 and varied across the four doctor groups during this period.Group 1 consists of registrars belonging to the Royal Australian College of General Practitioners ('RACGP' below) whose data were gathered from those Regional Training Organisations (RTOs) who require their registrars to undertake an MSF as part of their vocational training requirements. Not all RTOs require their registrars to undertake MSF.Group 2 consists of GPs undertaking MSF as a CPD activity ('GPs-CPD'). This is voluntary and doctors in this group directly approached CFEP Surveys to undertake MSF.Group 3 consists of registrars mandated by Australian College of Rural & Remote Medicine ('ACRRM') to undertake MSF.Group 4 consists of a subgroup of doctors required by Australian Health Practitioner Regulation Agency ('AHPRA') to undertake MSF as part of a regulatory requirements to help them progress to provisional registration.

The patient questionnaire is a post-consultation exit survey. Practice staff were advised to hand out questionnaires to consecutive patients for each participating doctor. Patients were requested to complete the questionnaire following their consultation and to rate their experience according to their satisfaction with that specific visit. To ensure patient confidentiality and to encourage honest feedback, envelopes for completed questionnaires were provided. Patient anonymity was guaranteed at all stages of the survey process. The colleague questionnaire, on the other hand, was completed online or as a paper postal survey. To provide the most representative overall picture of performance, participating doctors were advised to nominate a range of colleagues with whom they work, to include doctors, other healthcare professionals and managerial/administrative staff. Nominated colleagues were then sent the questionnaire for completion, with a follow up reminder if required. Colleague anonymity was guaranteed for all responses provided. Brief descriptions of the questionnaire items are presented in Tables [1](#Tab1){ref-type="table"} and [3](#Tab3){ref-type="table"}. Further details concerning the content and format of the two questionnaires can be obtained by emailing the authors.

Questionnaires were processed by CFEP Surveys (a professional health survey organisation) in Brisbane, Australia. Paper questionnaires were scanned and verified electronically by an experienced data auditor. Data were imported to an in-house software system running on an enterprise database where they were further checked and verified. The colleague online questionnaires were completed via a secure online web portal. Online validation and verification were conducted before being downloaded to in-house software systems; the same procedures were then carried out as for the paper questionnaires. The patient and colleague datasets were exported as Microsoft Excel Spreadsheets to an SPSS database (SPSS for Windows Version 23.0) and cleaned and checked prior to data analysis.

Doctor self-evaluations using the colleague questionnaire were collected from about half-way through the data collection process and using the patient questionnaire only towards the end, leading to varying numbers of doctors with self-evaluations. In total, four sets of data were obtained as follows for the analysis reported here:from a patient questionnaire consisting of 98,305 patient responses to 2449 doctors (1564 RACGP Registrars; 95 GPs-CPD; 506 ACRRM Registrars; 284 AHPRA doctors);from a colleague questionnaire consisting of 23,268 colleague responses to 1890 doctors (1044 RACGP Registrars; 15 GPs-CPD; 546 ACRRM Registrars; 285 AHPRA doctors);from a self-evaluation by 375 doctors using the patient questionnaire (109 RACGP Registrars, 266 AHPRA doctors); andfrom a self-valuation by 1888 doctors using the colleague questionnaire (1042 RACGP Registrars, 14 GPs-CPD, 547 ACRRM Registrars, 285 AHPRA doctors).

Each of these data sets was analysed separately, then combined first through patient and colleague data and finally by self-evaluation using the patient questionnaire and colleague questionnaire. Figure [1](#Fig1){ref-type="fig"} provides an overview of the data analysis methodology adopted for the Results section 3 below.Fig. 1Overview of data analysis methodology in Sections 3(a) to 3(d). Patient questionnaires (PQ), colleague questionnaires (CQ) and self-evaluation using patient (SEPQ) and colleague (SECQ) questionnaires are first analysed separately (left part of methodology) before being combined into two forms of multi-source feedback (MSF) for doctors (right part)

Statistical analysis {#Sec4}
--------------------

On the basis that the intervals between the five Likert scale points used in the questionnaires are equal, all responses were converted into percentages ('poor' = 20%, 'fair' = 40%, 'good' = 60%, 'very good' = 80%, 'excellent' = 100%) to allow for parametric techniques based on means, standard deviations and variances. Two levels of analysis were conducted: at the raw score rater and item level (irrespective of doctor rated), and at the aggregated doctor level where doctors received the average item scores of all their raters.

Non-probability (convenience) sampling, as used in this study for collecting patient and colleague data, involves participants who are available and willing to take part in the research. Such sampling also implies that the data collection takes place at the location where it makes sense to seek participants' views, in this case, the primary care health centre and immediately after a consultation for patients, and in the doctor's clinical environment for colleagues. The data from non-probability sampling will have special characteristics (unbalanced because of variable numbers of raters per ratee, fully nested because all the ratees may be unique to that rater, and uncrossed because ratees provide only one rating per ratee on one occasion).

Analysis of variance (ANOVA) is a collection of statistical models used to analyze the differences among group means. The observed variance in a particular variable is partitioned into components attributable to different sources of variation. In its simplest form, ANOVA provides a statistical test of whether or not the means of several groups are equal.

Principal component analysis (PCA) is a data reduction technique for explaining variance in data using a smaller set of variables than the original variables or items. It is a statistical procedure that uses an orthogonal transformation to convert a set of observations of possibly correlated variables into a set of values of linearly uncorrelated variables called principal components. Exploratory PCA uses PCA to discover component structures formed from different items. Varimax method is used in this report for rotating and extracting the components, whereby each component has a small number of large loadings. The Kaiser-Meyer-Olkin (KMO) test is a sampling measure to determine common variance among variables, with lower proportions indicating higher suitability for factor analysis and PCA. KMO values between 0.8 and 1.0 indicate that there are enough samples and sufficiently low variance for efficient identification of any components through exploratory PCA. Bartlett's test for sphericity is another measure for testing the suitability of data reduction which check for correlations between variables. A significant Bartlett test indicates the variables are sufficiently correlated for PCA.

Single measures intraclass coefficients (ICCs) provide a relative measure of the variability in the sample of responses and is useful for estimating the agreement between raters on how to interpret the items. Values between 0.4 to 0.6 are considered 'moderate agreement', between 0.6 and 0.8 'good agreement' and above 0.8 'very good agreement' \[[@CR24]\]. Cronbach's alpha is also reported below as a measure of questionnaire reliability, but the results should be interpreted cautiously since some of the assumptions of its use (e.g. all raters are rating the same subject, object or event) are not met in this study. Its use here to check on the internal consistency of the questionnaire is complemented by a signal-to-noise ratio formula for checking the reliability of the questionnaire data \[[@CR24]\]. The formula is designed to handle unbalanced, uncrossed and fully nested data and combines item, rater and subject variances at both the raw score and aggregated levels while also taking the average number of raters per ratee into account.

Results {#Sec5}
=======

Patient data (PQ) {#Sec6}
-----------------

The average raw patient score on all 12 questionnaire items was a high 89.16% (Table [1](#Tab1){ref-type="table"}), indicating an overall response tending towards the higher end of the 'very good' to 'excellent' range. The highest scoring item was 'Respect shown' (91.61%) and the lowest 'Reassurance' (87.79%).

The average rate of missing responses per item throughout the entire set of patient responses was a very low 0.43% (Table [1](#Tab1){ref-type="table"}). There was an average of 40.14 patient responses per doctor.

57.9% of patients were aged between 25 and 59 years of age, 23% were over 60, and 16.4% were under 25, with 2.8% not declaring their age. Patients under 25 gave a significantly lower average score (88.55%, *p* ≤ 0.01) than patients aged 25--59 (89.33%) and patients over 60 (89.42%), although the lowest average is still within the 'very good' to 'excellent' range. 62.8% of patients were female, 33.4% were male, and 3.8% did not declare their gender. Male patients gave a significantly lower average score (87.95%) than female patients (89.90%, *p* ≤ 0.01).

Reliability of the 12 Likert scale items was 0.73 using a one-way random ICC, indicating good agreement among the different raters on how the questionnaire items were to be interpreted. Data reliability calculated using a signal-to-noise ratio formula \[[@CR25]\] was 0.895, in contrast to Cronbach's alpha of 0.970 which assumes all raters are rating the same practitioner. In other words, 89.5% of the data is likely to be true data with the rest due to noise and error from interactions between raters, items and ratees.

A Kaiser-Meyer-Olkin (KMO) sampling adequacy measure of 0.98 and a significant Bartlett's test for sphericity (*p* ≤ 0.001) of the 12 items indicated that PCA was appropriate. PCA using the varimax rotation method (to spread the highly loaded items across components) revealed two previously identified primary dimensions known to affect patient evaluations, namely, interpersonal communication and possible impediments to access to care \[[@CR26]\], thereby establishing criterion (external) validity (Table [2](#Tab2){ref-type="table"}). Moreover, overall satisfaction and recommendation (Q1 and Q12) were associated with interpersonal communication items, in line with previous studies (e.g. \[[@CR27]\]) and thereby establishing construct validity of the questionnaire.Table 2PCA on patient items, with only the highest item loadings shownPatient itemsComponents1 (Interpersonal communication)2 (Access to care)Q1 Satisfaction with visit.771Q2 Warmth of greeting.603Q3 Ability to listen.660Q4 Explanations.766Q5 Reassurance.797Q6 Confidence in ability.803Q7 Express concerns.684Q8 Respect shown.763Q9 Time for visit.834Q10 Consideration.718Q11 Concern for patient.730Q12 Recommendation.693*Variance explained41.52%37.87%*

When average patient scores were aggregated and analysed by doctor type, RACGP Registrars and AHPRA doctors received significantly lower scores (89.05 and 88.14%, respectively) than GPs-CPD and ACRRM Registrars doctors (90.90 and 90.47%, respectively, *p* ≤ 0.05).

Colleague data (CQ) {#Sec7}
-------------------

The average raw colleague score on all 18 items was 88.35% (Table [3](#Tab3){ref-type="table"}), indicating an overall response in the 'very good' to 'excellent' range. The highest scoring item was 'Trustworthiness' (93.54%) and the lowest 'Ability to say no' (81.02%). Colleagues who were doctors gave fewer missing responses (3.56%) and significantly lower scores (85.49%) than non-doctor colleagues (7.88, 89.87%, *p* ≤ 0.001, Table [3](#Tab3){ref-type="table"}). Female colleagues gave more missing values and significantly higher scores (7.31 and 89.44%, respectively) than male colleagues (4.52, 86.17%, Table [3](#Tab3){ref-type="table"}).Table 3Score given by colleagues for all 18 questionnaire items, broken down by colleague type and gender of colleagueColleague itemsAll colleagues (*n* = 23,268)Doctor colleagues (*n* = 7725)Other colleagues (*n* = 15,245)Female colleagues (*n* = 15,746)Male colleagues (*n* = 7263)MeanMissing %MeanMissing %MeanMissing %MeanMissing %MeanMissing %1Q1 Clinical Knowledge88.368.984.70.790.5012.989.7911.685.663.0Q2 Clinical ability88.3111.385.032.590.2615.789.6914.385.774.9Q3 Communication with patients88.424.985.283.190.065.889.715.785.773.2Q4 Compassion/empathy89.364.486.692.390.765.590.355.387.362.6Q5 Communication with colleagues88.711.586.54.589.822.089.611.886.91.8Q6 Punctuality and reliability88.724.287.023.389.604.789.284.087.624.9Q7 Respect for colleagues91.43.889.70.492.311.092.06.990.21.6Q8 Ability to say "no"81.0211.577.709.582.7412.582.0812.078.8210.1Q9 Awareness of limitations87.157.584.142.788.799.988.299.184.914.0Q10 Team orientation86.616.384.193.687.897.687.487.084.844.7Q11 Use of resources87.4011.684.555.988.9814.488.6813.584.907.3Q12 Ability to manage stress83.998.180.695.985.739.285.218.581.517.2Q13 Respect for confidentiality92.682.389.511.894.302.593.742.390.532.3Q14 Appearance and behaviour92.66.489.75.394.14.493.78.390.35.5Q15 Respect to their own health88.5510.884.189.290.7911.590.1510.985.1710.4Q16 Trustworthiness/honesty/probity93.542.391.441.394.632.894.222.592.221.6Q17 Management/leadership skills83.4816.180.6010.685.0818.984.8717.980.7712.3Q18 Overall ability as a doctor*89.903.0*87.17.691.334.390.953.987.821.2*Averages88.356.4385.493.5689.877.8889.447.3186.174.52*

Reliability of the 18 Likert scale items was 0.503 using a one-way random ICC, indicating moderate agreement among the different raters on how the questionnaire items were to be interpreted. Data reliability calculated using a signal-to-noise ratio formula \[[@CR25]\] was 0.81, in contrast to Cronbach's alpha of 0.95 assuming all colleagues are rating the same doctor. In other words, 81% of the data is likely to be true data with the rest due to noise and error from interactions between raters, items and ratees.

The KMO measure of sampling adequacy was a high 0.967 and Bartlett's test of sphericity was significant (*p* ≤ 0.001). Three components explaining 67% of the variance in the data were found (Table [4](#Tab4){ref-type="table"}, left part), corresponding to behaviour (component 1), performance (component 2) and self-management (component 3). Communication with patients is identified with the performance component and colleagues' overall rating of doctor ability is most strongly associated with the performance component. These three components are closely related to four previously identified categories of doctor performance: inappropriate behaviour, inappropriate use of resources, deficient competence and physician impairment \[[@CR28]\]. The clear extraction of these three components here is in line with previously peer- established performance categories, and indicates good external and construct validity of the colleague questionnaire.Table 4Principal component analysis reveals three components underlying colleagues' ratings, with only the highest component loadings shown for the 18 itemsColleague itemsComponents1 (Behaviour)2 (Performance)3 (Self-management)Q1 Clinical Knowledge.784Q2 Clinical ability.796Q3 Communication with patients.661Q4 Compassion/empathy.654Q5 Communication with colleagues.619Q6 Punctuality and reliability.561Q7 Respect for colleagues.772Q8 Ability to say "no".795Q9 Awareness of limitations.524Q10 Team orientation.579Q11 Use of resources.491Q12 Ability to manage stress.600Q13 Respect for confidentiality with patients and colleagues.653Q14 Appearance and behaviour.665Q15 Respect to their own health.673Q16 Trustworthiness/honesty/probity.698Q17 Management/leadership skills.569Q18 Overall ability as a doctor.687*Variance explained26.63%22.87%17.83%*

When colleague scores were aggregated and analysed by doctor type, significantly lower scores (*p* ≤ 0.001) were received by AHPRA doctors in comparison to all other doctors (86.09% versus an average of 88.47%).

Self-evaluation data in comparison to patient and colleague scores. {#Sec8}
-------------------------------------------------------------------

### Patient questionnaire (SEPQ) {#Sec9}

375 doctors completed the patient questionnaire as part of self-evaluation, giving themselves an average of 78.28% in comparison to an actual patient average of 88.45% for those same doctors. Reliability across the 13 items using the one-way random ICC was 0.67, indicating good agreement among the doctors on how the questionnaire items were to be interpreted from a patient perspective. There was a weak but significant correlation in self-score and patient-score averages (*r* = 0.126, *p* = 0.015). This weak but significant overall correlation was also reflected in correlations on items Q1, Q2, Q6, Q8, Q9, Q11 and Q12 between self-score and patient score (*r* ≤ 0.20, *p* ≤ 0.05, Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Comparison between 375 doctor self-evaluations using patient questionnaire and actual patient scores across the 12 items and overall averages, with asterisked items denoting weak (r ≤ 0.20) but significant correlations (p ≤ 0.05). Note that the y axis has been limited to the range 70--95% to make the differences clearer by item

There were significant differences in the average self-scores of RACGP Registrars (72.76%) and AHPRA doctors (80.55%, *p* ≤ 0.001), with the latter giving themselves significantly higher scores on all items (p ≤ 0.001) except item 9 ('Amount of time').

### Colleague questionnaire (SECQ) {#Sec10}

1888 doctors completed the colleague questionnaire as part of self-evaluation, giving themselves an average of 76.05% in comparison to an actual colleague average of 88.37% for those same doctors. Single measures ICC was 0.47, indicating moderate agreement about how to interpret the items. There was no correlation in self-score and colleague score averages. However, there were weak positive but significant correlations on individual items Q3-Q8, Q12, Q14, Q15, and Q17, and one weak negative but significant correlation on Q11 (all *r* ≤ 0.20, *p* ≤ 0.05, Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Comparison between 1888 doctor self-evaluations using the colleague questionnaire and actual colleague scores across the 18 items and overall averages, with single asterisked items denoting weak but significant positive correlations and double-asterisked weak but significant negative correlations, (all *r* ≤ 0.20, *p* ≤ 0.05). Note that the y axis has been limited to the 60--95% range to make the differences clearer by item

A small number of doctors (39) declared their own gender when completing the colleague questionnaire (16 female, 23 male), with female doctors tending to given themselves an average 5% lower score than male doctors (81.15%). However, this difference between self-declared doctors was not significant (*p* = 0.167).

When overall averages were broken down by type of doctor, AHPRA doctors gave a significantly higher score to themselves than all other doctor types and also received significantly lower scores than all other doctor types from colleagues (p ≤ 0.05, Fig. [4](#Fig4){ref-type="fig"}).Fig. 4AHPRA doctors give themselves significantly higher scores and receive significantly lower scores from colleagues using the colleague questionnaire (RACGP Registrars *n* = 1042, GPs-CPD *n* = 14, ACRRM Registrars *n* = 547, AHPRA doctors *n* = 285, Total *n* = 1888). Note that the y axis has been limited to the range 60--95% to make the differences clearer by doctor group

MSF analysis. {#Sec11}
-------------

### Patient, colleague and colleague self-evaluation data (PQ, CQ and SECQ) {#Sec12}

1228 doctors had patient scores, colleague scores and self-evaluation using the colleague questionnaire. For these 1228 doctors there was a moderate and significant *convergence* (positive correlation, or the degree to which two measures move together) between the overall average scores awarded by colleagues (88.29%) and patients (89.58, *r* = 0.305, *p* ≤ 0.001).

PCA of all 48 items (12 patient items, 18 colleague items, 18 colleague self-evaluation items) revealed three main components explaining 68.42% of the variance in the data. These three components separate the three sets of questionnaire items cleanly (patient items explaining 23.25% of the variance, colleague items 24.79% and colleague self-evaluation items 20.38%), indicating structural and construct validity. That is, the three questionnaires are non-redundantly measuring three different aspects of doctors. This was confirmed by a high KMO measure of 0.97 and significant Bartlett's test of sphericity (*p* ≤ 0.001).

### Patient, colleague, colleague self-evaluation and patient self-evaluation. {#Sec13}

Three hundred sixty seven doctors had patient scores, colleague scores, self-evaluation using the colleague questionnaire and self-evaluation using the patient questionnaire (60 items) For these 367 doctors, there was a high degree of convergence between their self-evaluation colleague and self-evaluation patient scores (*r* = 0.875, *p* ≤ 0.001), and weak but significant convergence between self-evaluation patient scores and actual scores received from patients (*r* = 0.126, *p* ≤ 0.05).

PCA of all 60 items revealed three main components explaining 68.13% of variance. Two of the components clearly separated colleague-scored items (20.93% of variance) and patient-scored items (18.63%), with the third component containing all the self-evaluation items (colleague and patient, 28.57%). That is, the 30 self-evaluation items are measuring the same component in contrast to the 30 items scored by colleagues and patients. This was confirmed by a high KMO measure of 0.958 and sphericity test (*p* ≤ 0.001).

Discussion {#Sec14}
==========

Doctors received high satisfaction scores from patients (average 89%) and colleagues (88%), with GPs-CPD and ACCRM Registrars (Groups 2 and 3) receiving significantly higher average scores from patients (91 and 90%, respectively), and AHPRA doctors (Group 4) significantly lower scores from colleagues (86%). Since Group 4 doctors had been previously recognized as doctors possibly requiring further support, the results here provide additional evidence of external (population) validity and indicate that MSF can help to identify specific aspects of relative under-performance for enhanced professional development.

Overall, voluntary (Group 2) versus non-voluntary (Groups 1, 3 and 4) participation had no effect on scores in this study. Patients rated doctors highest on respect shown (92%) and lowest on reassurance provided (88%). Colleagues rated doctors highest on trustworthiness (94%) and lowest on ability to say 'no' (81%).

PCA revealed two dimensions to the patient questionnaire (interpersonal communication, impediments to access to care) which have also been identified in previous studies, thereby confirming their importance in patient evaluation. Similarly, PCA revealed three dimensions previously identified with doctor performance: behaviour, performance and self-management. These dimensions demonstrate good and robust external and construct validity of the patient and colleague questionnaires used in this study. Data reliability as measured by signal-to-noise ratios was 0.895 for the patient data and 0.81 for the colleague data, indicating limited interaction errors for the convenience sampling method adopted for collecting the data. ICCs and Cronbach's alpha showed agreement in item interpretation and internal consistency of questionnaires.

With regard to self-evaluation, doctors gave themselves a 10% lower score on the patient questionnaire (average 78%) than they received from patients (88%), with weak but positive correlations on seven of the 12 items. There is therefore some evidence from this study of convergence of agreement between patient scores received and doctor self-evaluation from a patient perspective on many aspects of interpersonal communication and access to care. Similarly, doctors gave themselves a 12% lower score (average 76%) than actual scores received from colleagues (88%). Again, there is some evidence of convergence of agreement between colleague scores received and doctor self-evaluation from a colleague perspective across all three dimensions of behaviour, performance and self-management. The differences of 10 and 12% are consistent with findings that doctors may feel more comfortable with reflection related to patient medical issues than team (colleague) domain issues \[[@CR18]\]. This was partly confirmed by the difference in single measures ICCs, where doctors tended to agree more on how to interpret the patient items (0.67) in contrast to the colleague items (0.47). Given that self-evaluations may generally tend to result in scores lower than scores actually received, helping doctors feel more at ease with self-evaluation from a colleague perspective could form part of future mentoring support to narrow the gap between patient-based and colleague-based scores as well as help doctors interpret colleague items more consistently. Such mentoring may enhance the ability of doctors in identifying suitable strategies for self-improvement and self-management by making them more comfortable with the outcomes of peer-review from a colleague perspective.

MSF analysis using the three evaluation measures of patient scores, colleague scores and self-evaluation using the colleague questionnaire (270° MSF) showed significant convergence (positive correlation), with PCA clearly revealing the three separate instrument dimensions. Adding the fourth instrument dimension of self-evaluation using the patient questionnaire (360° MSF) showed two types of convergence: (i) between self-evaluation using the patient questionnaire and self-evaluation using the colleague questionnaire, and (ii) between self-evaluation patient scores and actual patient scores. PCA revealed that, for 360° MSF, all the self-evaluation items (patient and colleague) formed one component whereas the other two components clearly separated colleague-scored and patient-scored items. In other words, this study has shown that one round of self-evaluation using either the patient or colleague questionnaire is sufficient for MSF purposes, with the choice of which instrument to use depending on the importance placed on doctors evaluating themselves through their patients' or colleagues' perspectives. However, given that doctors may find it more difficult to evaluate themselves from a colleague perspective than from a patient perspective, it may be wise to consider introducing mechanisms that help doctors feel as comfortable with evaluating themselves from a colleague perspective as from a patient's to help reduce the small differences in self-evaluation scores that this study has revealed. Reducing this difference may also help to enhance the convergence between colleague scores and self-scores using the colleague questionnaire.

Conclusions {#Sec15}
===========

The questionnaires used in this study are fit for purpose and can be used for MSF involving patient feedback and colleague feedback (180° MSF), supplemented with self-evaluations using the patient and colleague questionnaires (a further 180° MSF), as appropriate. Self-evaluations can expect to return responses that are at least 10% below actual scores received, with doctors agreeing on how to interpret patient items more than colleague items. However, neither self-evaluation could be separated from each other as separate MSF dimensions, leading to the conclusion that 270° MSF may be sufficient for CPD under the MBA's new framework. If self-evaluations are administered, it is recommended that the colleague questionnaire be used since colleague items cover patient care aspects and include aspects of clinical competence, clinical knowledge, self-management and professional behaviour. Mentoring programmes should also be designed to help doctors feel more comfortable about evaluating themselves from a colleague perspective so that discrepancies between self and colleague evaluation can lead to improved strategies for performance improvement. Finally, it should be noted that all doctor groups received aggregated scores in the 'very good' to 'excellent' range. The relative findings reported here must be interpreted in that context.

Limitations of this study include the variable numbers of doctors used for each part of the analysis due to data being collected at different times for such a large-scale study. Also, the large sample sizes involved can lead to small differences being statistically significant. With smaller sample sizes, a much bigger difference between item averages would have been necessary to identify truly significant differences. Finally, doctors selected which colleagues will provide feedback, which may result in higher than normal colleague evaluation scores.
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